ABSTRACT
Unlike outdoor positioning service, the indoor environment has no microwave signal from satellites broadcast as in Global Positioning System (GPS) due to the attenuated signal by building materials and structure. Despite there is high sensitivity GPS receiver (ex. eRideOPUS 7 from Furuno Electric CO., LTD) which can detect the signal 1/1000 of a typical outdoor GPS signal, this is not feasible as the cost to own and the availability is scattered. Besides availability and cost, the accuracy of the high sensitivity GPS receiver is questionable when the building of interest is multi-level.
Thus, many indoor localization service algorithms and systems have been proposed and developed with the aid of wireless sensor networks and IoT instead of the utilizing the microwave signal from satellites broadcast. Despite the available algorithms and systems, the accuracy of the available systems is inversely proportion to the cost. To have better accuracy, extra hardware equipment is utilized, which in turn increase the cost and considerably limit the popularity and expansion of indoor localization service in the market. Recently, there is a rise of using the Microelectromechanical Systems (MEMS) together with the RSSI from the IoT to enhance the accuracy. The MEMS sensors include accelerometers, gyroscopes, and barometer. This method utilizing the RSSI to determine the coarse location and analyzing the data from MEMS to acquire the fine location. In this paper, the indoor localization service is purely obtained from RSSI of BLE nodes. This paper is organized as follow. The Section II will provide the details of hardware setup and the android apps setup. Section III summarizes the area of interest divided into few zones to provide coarse location. Follow by Section IV which will provide fine location through the RSSI to relative distance from the zone determined in previous section. Finally, the conclusion is given in Section V.
The BLE beacon is made with CC2541 from Texas Instruments (TI) which is powered with coin cell (CR2032) as shown in Figure 2 . 8 Pieces of the BLE Beacons are made to broadcast at an interval of 1 second. An Android Apps is created to keep scanning for the nearby BLE devices as shown in Figure  3 . The BLE beacons are stick on different locations inside a room of around 10 m 2 . The room is divided into 10 different zones as shown below. The location with BLE Beacons is marked with "X". The distribution of BLE beacons inside the ,((( WK *OREDO &RQIHUHQFH RQ &RQVXPHU (OHFWURQLFV *&&( k ,((( room is meant to make sure any spot inside the room has at least 3 different RSSI from different BLE beacon stations to enable trigonometry function to determine the fine location inside the zone. X X X X X X X X "X" denotes the place stick with the BLE Beacon Stations. Each of the zone is denoted with number from 1 to 100 as shown below .  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100 Denotes the place with BLE Beacon Stations
Each of the RSSI in respective zone will be collected around 10 times to get the mean of three strongest RSSI detected. This will be the reference point for current zone detection. The result from each zone collected will be tabulated as shown in Table 1 below. This is to create a profile for the area. In unobstructed condition, the RSSI is directly proportional to the distance of scanner from the BLE Beacon Station, but, this result might vary a lot due to surrounding conditions as shown in Figure 4 . Thus, by dividing the area into zone and create a RSSI profile for each of the zone, we can correctly determine the correct zone, and this minimize the inaccuracy due to surrounding factors.
The equation above is used the calculation for converting RSSI value collected to relative distance.
After determining the zone located, this relative distance will be used to determine the fine location inside the zone to enhance the accuracy.
This method is applicable for IoT indoor tracking in warehouse management as well as IoT indoor navigation for commercial buildings like shopping complex and offices. The installed IoT devices (BLE Nodes) around the buildings will cover the areas of interest with RSSI signals. The areas of interest are then divided into zones. The RSSI values collected from each of the zone will be used as the identifier to determine the current position of the target.
The accuracy of the system can be further improved by dividing the area of interest into more zones. This method can increase the accuracy of the overall system without stressing on adding extra hardware or putting more BLE nodes. In this system, higher accuracy is in proportion to the number of zones for each designated area. Besides, this method can minimize the surrounding effect in affecting the accuracy of the system.
